^ 10/523822 

^ 4 FEB 2005 

Amendments to Specification 
(Translation of substituted pages 4, 5 and 5/1 of the Japanese specification; 
corresponding to page 4, line 25 to page 7, line 18 of the English 

specification.) 

5 

The second laminate coil for an integral three-phase motor accordmg 
to the present invention comprises pluralities of coil poles formed by 
patterned conductor coils in a laminate constituted by pluralities of insulating 
layers, the laminate being formed in the shape of a flat rectangular plate, and 
10 each of one input terminal and three output terminals in a land grid array 
(LGA) or a ball grid array (BGA) b eing formed at four different comers on 
the same main surface of the laminate. 

Though the laminate coil may be annular because the coil poles are 
annularly formed around the motor shaft, an annular structure needs other 
15 means such as die-punching, etc., making the production steps of each 

laminate coil complicated. On the other hand, the laminate in the shape of a 
flat rectangular plate makes it easy to form each laminate coil from a laminate 
substrate comprising pluralities of laminates, as described later. 

With the input and output terminals formed at four different comers 
20 on the same main surface of the laminate in the shape of a flat rectangular 

plate such that they do not overlap the coil poles in a lamination direction, the 
laminate coil can be miniaturized without deteriorating the motor 
performance. Because the input and output terminals can be made relatively 
large, it is possible to have improved terminal connection strength with the 
25 PCB, thereby effectively utilizing portions not occupied by the coil poles in 
the laminate. 

In the first and second laminate coils, the coil poles are constituted by 
coimecting coils formed on pluralities of insulating layers such that they 
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overlap in a lamination direction. The coil is preferably constituted at least 
by a first coil wound clockwise from inside to outside and a second coil 
wound clockwise from outside to inside, the first coil and the second coil 
being connected via a through-hole formed in the laminate, whereby the first 
5 and second coils have the same winding direction. 

With such structure, the first and second coils function as one coil pole 
when electric current is supplied in a constant direction. Accordingly, the 
coil pole has a large number of winding, providing a motor with a higher 
torque. 

10 Different-phase coil poles are preferably arranged around the motor 

shaft at an equal angular interval. The coil poles having the same polarity 
are preferably arranged at rotationally symmetric positions at 1 80° aroimd the 
rotation center of the motor shaft. The arrangement of the coil poles having 
substantially the same size around the motor shaft at an equal angular interval 

15 causes each coil pole to generate a counter electromotive force symmetrically 
around the motor shaft, resulting in an improved precision of the motor 
rotation. 

The coil is preferably a fan-shaped spiral coil having an open angle of 
55° or less with the motor shaft as a center. With the fan-shaped spiral coil 

20 arranged around the motor shaft as a center, line portions radially extending 
from the rotation shaft as a center preferably correspond to an effective coil 
length contributing to torque characteristics, resulting in a high torque. The 
open angle of the spiral coil is determined by the width of a conductor pattern 
constituting the spiral coil, the numbers of coils and phases in the motor, etc. 

25 In the case of a three-phase, six-pole motor, the upper limit of the open angle 
is preferably 55°. 

In the coil of the present invention, the laminate is preferably made of 
low-temperature co-fired ceramic, and formed bv lamina ting and burning 
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green sheets having conductor patterns. The conductor patterns of coils of 

the same phase are preferably laminated in a staggering manne r. The main 

surface of the laminate coil is preferably coated with an overcoat glass. 

The first brushless motor of the present invention comprises the above 
5 laminate coil as a stator, the laminate coil being arranged such that it opposes 

via a magnetic gap a rotor comprising a permanent magnet having alternately 

different magnetic poles. 

The second brushless motor of the present invention comprises the 

above laminate coil as a staton and first and second rotors comprising 
10 permanent magnets having alternately different magnetic pol es, the first and 

second rotors being arranged such tfiat thev oppose to each othe r with a 

magnetic gap via the laminate coil. 

The brushless motor preferably comprises electric signal controllers 

for periodically supplying electric current in every different-phase coil poles 
15 in the laminate coil. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view showing a laminated coil according to one 
embodiment of the present invention; 
20 Fig. 2 is an exploded view showing the internal structure of the 

laminated coil shown in Fig. 1; 

Fig. 3 is a schematic view showing an equivalent circuit of the 
laminated coil shown in Fig. 1 ; 

Fig. 4(a) is an enlarged plan view showing an example of pluralities of 
25 coils formed on an insulator layer of the laminated coil of the present 
invention; 

Fig. 4(b) is an enlarged plan view showing another example of 
pluralities of coils formed on an insulator layer of the laminated coil of the 
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present invention; 

Fig. 5(a) is an enlarged view showing a first coil of the laminated coil 
according to one embodiment of the present invention; 

Fig. 5(b) is an enlarged view showing a second coil of the laminated 
coil according to one embodiment of the present invention; 

Fig. 5(c) is an enlarged view showing a third coil of the laminated coil 
according to one embodiment of the present invention; 

Fig. 6 is a partial cross-sectional view showing the laminate coil 
according to one embodiment of the present invention; 

Fig. 7 is an enlarged plan view showing a through-hole of the laminate 
coil according to one example of the present invention; 



